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1
POWER CONVERTER WITH A
MULTI-LEVEL BRIDGE TOPOLOGY AND
CONTROL METHOD

FIELD OF THE SUBJECT MATTER

The present subject matter relates generally to the field of
power converters in power generation systems, and, more
particularly, to systems and methods for providing fre-
quency adjustable output waveforms from such power con-
verters.

BACKGROUND OF THE SUBJECT MATTER

Power generation systems often include a power con-
verter that is configured to convert an input power into a
suitable power for application to a load, such as a generator,
motor, electrical grid, or other suitable load. For instance, a
power generation system, such as a wind turbine system,
may include a power converter for converting variable
frequency alternating current power generated at the gen-
erator into alternating current power at a grid frequency (e.g.
50 Hz or 60 Hz) for application to a utility grid.

Power converters that use switch mode, voltage sourced,
Pules Width Modulation (PWM) methods to replace fixed
speed mechanically throttled processes have been restricted
to a severe tradeoff between operability and efficiency.
Mechanical valves and bypass, as well as speed changers,
are all part of present state of the art where very large power
and reliability has not been proven in power electronics.

Large and costly, as well as wasteful, passive filters have
been a part of the limits. Another is a restriction of voltage
where single Insulated Gate Bipolar Transistors (IGBT), or
their equivalents, are used. When Multiple IGBTs are used
creating a high quality waveform becomes one of the
concerns, since this helps to reduce the concerns of the
passive filtering. Many complicated solutions are being
proposed.

In view of these known issues, it would be advantageous,
therefore, to develop a simpler method of achieving high
voltage, low distortion power converters capable of variable
frequency, small footprint, and high efficiency.

BRIEF DESCRIPTION OF THE SUBJECT
MATTER

Aspects and advantages of the subject matter will be set
forth in part in the following description, or may be obvious
from the description, or may be learned through practice of
the subject matter.

The present subject matter relates to a power converter
comprising a voltage divider configured to provide a plu-
rality of voltage level points. Although not limited to such
use, the power converter may have particular usefulness in
a wind turbine power generation system. Such power con-
verter corresponds to a multi-level bridge circuit coupled to
the plurality of voltage level points, the circuit comprising a
first series of pairs of switches coupled individually across
adjacent ones of the plurality of voltage level points for
selective connection of a common output terminal between
individual ones of the pairs of switches to one of the adjacent
plurality of voltage level points. In turn, there is also
provided a second series of pairs of switches coupled
individually across adjacent output terminals between indi-
vidual ones of the first series of pairs of switches for
selective connection of a common output terminal between
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individual ones of the second series of pairs of switches to
one of the common output terminals between said first series
of pairs of switches.

The present subject matter also relates to a power con-
verter comprising a first, second, and third series of pairs of
switches. In such embodiments, the first series of pairs of
switches of each pair of switches have first and second
inputs and a common output. Also in such embodiments, the
second series of pairs of switches of each pair of switches
have first and second inputs coupled to one output of
adjacent outputs of adjacent of the first series of pairs of
switches and a common output between each of the pairs of
the second series of pairs of switches. Finally, the third series
of pairs of switches of each pair of switches have first and
second inputs coupled to one output of adjacent outputs of
adjacent of the second series of pairs of switches a common
output between each of the pairs of the third series of pairs
of switches.

The present subject matter also relates to a method of
generating a variable frequency waveform. According to
such method, first and second inputs of a first series of
switch pairs are coupled to a multi-level voltage supply and
outputs from two of the first series of switch pairs are
coupled to a second series of switch pairs. According to such
embodiment, individual switches of the first series of switch
pairs and second series of switch pairs are selectively
controlled to produce a variable frequency waveform based
on the multiple voltage levels of the multi-level voltage
supply.

These and other features, aspects and advantages of the
present subject matter will become better understood with
reference to the following description and appended claims.
The accompanying drawings, which are incorporated in and
constitute a part of this specification, illustrate embodiments
of the subject matter and, together with the description,
serve to explain the principles of the subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

A full and enabling disclosure of the present subject
matter, including the best mode thereof, directed to one of
ordinary skill in the art is set forth in the specification, which
makes reference to the appended figures, in which:

FIG. 1 is perspective view of one embodiment of a
conventional wind turbine;

FIG. 2 illustrates a schematic diagram of one embodiment
of a wind turbine power generation;

FIG. 3 depicts the topology of an exemplary eight-level
bridge employing IGBT’s in accordance with the present
subject matter;

FIG. 4 illustrates an exemplary control scheme for use
with the bridge circuit of FIG. 3 employing a “Skip Fire”
mode of operation in accordance with the present subject
matter;

FIG. 5 is a chart illustrating switch positions conducting
current for each of the eight-levels (states) of the fourteen
separate switch groups corresponding to the exemplary
eight-level bridge of FIG. 3;

FIG. 6 is a chart illustrating switch positions conducting
current for each of the eight-levels (states) and additional
gated “ON” switches of the fourteen separate switch groups
without employing a “Skip Fire” mode of operation in
accordance with a further embodiment of the present subject
matter;

FIG. 7 illustrates various waveforms corresponding to
voltage levels at selected points of the exemplary eight-level
bridge of FIG. 3;
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FIG. 8 illustrates further exemplary waveforms of the
exemplary eight-level bridge of FIG. 3; and

FIG. 9 illustrates the topology of an alternative embodi-
ment of the present subject matter employing higher voltage
capable IGBTs (switches).

Repeat use of reference characters throughout the present
specification and appended drawings is intended to represent
same or analogous features or elements of the invention.

DETAILED DESCRIPTION OF THE SUBJECT
MATTER

As discussed in the Summary of the Subject Matter
section, the present subject matter is particularly concerned
with providing frequency adjustable output waveforms for
power converters.

Reference now will be made in detail to embodiments of
the invention, one or more examples of which are illustrated
in the drawings. Each example is provided by way of
explanation of the invention, not limitation of the invention.
In fact, it will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the scope or spirit
of the invention. For instance, features illustrated or
described as part of one embodiment can be used with
another embodiment to yield a still further embodiment.
Thus, it is intended that the present invention covers such
modifications and variations as come within the scope of the
appended claims and their equivalents.

In accordance with the present subject matter, it has been
found that such a converter may be provided for a power
generation system, such as wind turbine generator, where, in
a multi-phase system, the individual phase legs may be
constructed as a progression of multiple similar components
but differing in their role in the voltage synthesis. It should
be appreciated that while the present subject matter may be
more generally directed to multi-phase systems, the dis-
closed subject matter is equally applicable to single phase
environments. Further, while the present subject matter is
primarily described as associated with power converter
systems, such present subject matter may also be used
equally in association with waveform synthesizer systems in
general operating at any voltage/power level. For example,
the presently disclosed apparatus and methods may readily
be employed to produce audio frequency waveforms as well
as waveforms in other frequency spectrums. When used in
a three-phase power converter configuration, six sets of
bridges as herein described may be employed with two
bridges used with each phase.

In accordance with the present subject matter, a simple
and yet low distortion method of operation is provided. As
will be described in greater detail below, efficiencies pro-
vided by the present subject matter derive, at least in part,
from the high number of levels provided in the bridge
configuration, thereby allowing a closer instantaneous volt-
age match to load conditions where divergence rate to
current desired allows for a low switching rate. By use of
such systems and methodologies, switching losses are
reduced while the need for any additional snubbers, i.e.,
transient voltage suppressors, is deliberately reduced in
expectation that those loses will be reduced by topology and
frequency reduction as provided by the present subject
matter.

As mentioned, the power converter subject matter of this
disclosure may be useful in a wind turbine power generation
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system. In this regard, a general description of an exemplary
wind turbine power generation system is provided with
reference to FIGS. 1 and 2.

Referring now to the drawings, FIG. 1 illustrates a per-
spective view of one embodiment of a wind turbine 11. As
shown, the wind turbine 11 generally includes a tower 17
extending from a support surface 15, a nacelle 16 mounted
on the tower 12, and a rotor 18 coupled to the nacelle 16. The
rotor 18 includes a rotatable hub 20 and at least one rotor
blade 22 coupled to and extending outwardly from the hub
20. For example, in the illustrated embodiment, the rotor 18
includes three rotor blades 22. However, in an alternative
embodiment, the rotor 18 may include more or less than
three rotor blades 22. Each rotor blade 22 may be spaced
about the hub 20 to facilitate rotating the rotor 18 to enable
kinetic energy to be transferred from the wind into usable
mechanical energy, and subsequently, electrical energy. For
instance, as will be described below, the rotor 18 may be
rotatably coupled to an electric generator 120 (FIG. 2) to
permit electrical energy to be produced.

Referring now to FIG. 2, a schematic diagram of one
embodiment of a wind turbine power generation system 101,
for example a DFIG wind turbine system, is illustrated. It
should be appreciated that the present subject matter will
generally be described herein with reference to the system
101 shown in FIG. 2. However, those of ordinary skill in the
art, using the disclosures provided herein, should understand
that aspects of the present disclosure may also be applicable
in other power generation systems.

As shown, the rotor 18 of the wind turbine 11 (FIG. 1)
may, optionally, be coupled to a gear box 118, which is, in
turn, coupled to a generator 120, which may be a doubly fed
induction generator (DFIG).

Still referring to FIG. 2, the DFIG 120 may be coupled to
a stator bus 154 and a power converter 162 via a rotor bus
156. The stator bus 154 may provide an output multiphase
power (e.g. three-phase power) from a stator of the DFIG
120 and the rotor bus 156 may provide an output multiphase
power (e.g. three-phase power) from a rotor of the DFIG
120. The power converter 162 includes a rotor side converter
166 and a line side converter 168. The DFIG 120 may be
coupled via the rotor bus 156 to the rotor side converter 166.
Additionally, the rotor side converter 166 may be coupled to
the line side converter 168 which may, in turn, be coupled
to a line side bus 188.

As in generally understood, the rotor side converter 166
and the line side converter 168 may be configured for normal
operating mode in a three-phase, pulse width modulation
(PWM) arrangement using insulated gate bipolar transistor
(IGBT) switching elements, as will be discussed in more
detail below with reference to specific embodiments of the
invention. The rotor side converter 166 and the line side
converter 168 may be coupled via a DC link 136 across
which is a DC link capacitor 138.

In addition, the power converter 162 may be coupled to a
controller 174 in order to control the operation of the rotor
side converter 166 and the line side converter 168. It should
be noted that the controller 174 may, in several embodi-
ments, be configured as an interface between the power
converter 162 and a control system 176. The controller 174
may include any number of control devices. In one embodi-
ment, the controller 174 may include a processing device
(e.g. microprocessor, microcontroller, etc.) executing com-
puter-readable instructions stored in a computer-readable
medium. The instructions when executed by the processing
device may cause the processing device to perform opera-
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tions, including providing control commands (e.g. switching
frequency commands) to the switching elements of the
power converter 162.

In typical configurations, various line contactors and
circuit breakers including, for example, a grid breaker 182
may also be included for isolating the various components as
necessary for normal operation of the DFIG 120 during
connection to and disconnection from the electrical grid 184.
For example, a system circuit breaker 178 may couple the
system bus 160 to a transformer 180, which may be coupled
to the electrical grid 184 via the grid breaker 182. In
alternative embodiments, fuses may replace some or all of
the circuit breakers.

In operation, alternating current power generated at the
DFIG 120 by rotating the rotor 18 is provided via a dual path
to the electrical grid 184. The dual paths are defined by the
stator bus 154 and the rotor bus 156. On the rotor bus side
156, sinusoidal multi-phase (e.g. three-phase) alternating
current (AC) power is provided to the power converter 162.
The rotor side power converter 166 converts the AC power
provided from the rotor bus 156 into direct current (DC)
power and provides the DC power to the DC link 136. As is
generally understood, switching elements (e.g. IGBTs) used
in the bridge circuits of the rotor side power converter 166
may be modulated to convert the AC power provided from
the rotor bus 156 into DC power suitable for the DC link
136.

In addition, the line side converter 168 converts the DC
power on the DC link 136 into AC output power suitable for
the electrical grid 184. In particular, switching elements (e.g.
IGBTs) used in bridge circuits of the line side power
converter 168 can be modulated to convert the DC power on
the DC link 136 into AC power on the line side bus 188. The
AC power from the power converter 162 can be combined
with the power from the stator of DFIG 120 to provide
multi-phase power (e.g. three-phase power) having a fre-
quency maintained substantially at the frequency of the
electrical grid 184 (e.g. 50 Hz or 60 Hz).

Additionally, various circuit breakers and switches, such
as grid breaker 182, system breaker 178, stator sync switch
158, converter breaker 186, and line contactor 172 may be
included in the system 100 to connect or disconnect corre-
sponding buses, for example, when current flow is excessive
and may damage components of the wind turbine system
100 or for other operational considerations. Additional pro-
tection components may also be included in the wind turbine
system 100.

Moreover, the power converter 162 may receive control
signals from, for instance, the control system 176 via the
controller 174. The control signals may be based, among
other things, on sensed conditions or operating characteris-
tics of the wind turbine system 100. Typically, the control
signals provide for control of the operation of the power
converter 162. For example, feedback in the form of a
sensed speed of the DFIG 120 may be used to control the
conversion of the output power from the rotor bus 156 to
maintain a proper and balanced multi-phase (e.g. three-
phase) power supply. In particular, as will be described
below, the sensed speed may be used as a basis for adjusting
the switching frequency of the switching elements (e.g.,
when the DIFG 120 is operating at its synchronous speed).
Other feedback from other sensors may also be used by the
controller 174 to control the power converter 162, including,
for example, stator and rotor bus voltages and current
feedbacks. Using the various forms of feedback information,
switching control signals (e.g. gate timing commands for
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IGBTs), stator synchronizing control signals, and circuit
breaker signals may be generated.

Reference will not be made various embodiments of a
power converter system that may have particular usefulness
as the power converter 162 in the wind turbine power
generation system described above with respect to FIGS. 1
and 2. However, as previously discussed, the present power
converter subject matter is not limited to this use.

With respect to the power converter subject matter, ref-
erence is directed to FIG. 3, which depicts the topology of
an exemplary eight-level bridge employing 24 IGBT’s, each
associated with a parallel connected reverse direction diode,
in accordance with the present subject matter. It should be
understood that while the present subject matter primarily
illustrates and describes an eight-level topology for the
exemplary bridge circuit, the present subject matter is not so
limited as the present disclosure may clearly be imple-
mented in other levels, for example six levels or sixteen
levels.

With continued reference to FIG. 3, it will be seen that
there is represented an exemplary eight-level bridge topol-
ogy 100 corresponding to a first series of switches desig-
nated as switches 1-8, a second series of groups of two
switches 9-12, and a third series of groups of four switches
13-14. As illustrated in FIG. 1, each switch of the single
switches 1-8, each of the two switches in switch groups
9-12, and each of the four switches in groups 13-14 corre-
spond to individual IGBTs each capable of withstanding the
same maximum voltage stress. In an exemplary configura-
tion, such maximum voltage stress may correspond to, for
example, 1,000 volts. In such arrangement, switches 1-8
may each withstand, for example, 1,000 volts, while switch
groups 9-12 may each withstand 2,000 volts and switch
groups 13-14 may withstand 4,000 volts. Those of ordinary
skill in the art will appreciate that IGBTs capable of with-
standing higher or lower voltage stress levels may be
employed depending on particular environment require-
ments. In one exemplary configuration using a minimum
number of low voltage switches, such as 1700V IGBTs, such
devices may be employed to create a medium voltage output
such as 4160V.

With further reference to FIG. 3, it should be noticed that
a voltage divider corresponding to a series of capacitors
C1-C8 has been provided coupled between a ground con-
nection and an input voltage level V_IN. Those of ordinary
skill in the art will readily appreciate that, when capacitors
C1-C8 are provided with the same capacitance value, the
voltage level formed across each capacitor C1-C8 will be
equal to V_IN/7, thereby providing eight different voltage
levels at terminal V_OUT from zero to V_IN volts depend-
ing on the conduction state of the various switches 1-8 and
switch groups 11-14.

Those of ordinary skill in the art will appreciate that the
various voltage levels produced by operation of switches 1-8
and switch groups 9-14 will correspond to substantially
discrete voltage levels corresponding to the discrete levels as
determined by the voltage dividing operation of the series
connection of capacitors C1-C8. Such voltage V_OUT may
then be filtered using a relatively simple LRC filter, gener-
ally filter 110, to produce a smoother sinusoidal waveform
at terminal GRID_V. Because of the relatively higher num-
ber of discrete voltage levels produced by the present
multi-level bridge topology, filtering requirements for filter
110 are significantly reduced thereby reducing not only
physical size of such components but also their cost.

In operation, switches 1 and 2, for example, may be
considered to be coupled as a pair of switches to adjacent



US 9,450,503 B2

7

terminals T6 and T7 so that, when selectively made con-
ductive, switches 1 and 2 may selectively couple the voltage
levels at terminal T6 or T7 to common output terminal O1
between switches 1 and 2. Similarly, switches 3 and 4 may
selectively couple the voltage level at terminals T4 or T5 to
their common output terminal O2. This process is repeated
by selectively coupling adjacent output terminal O1 or O2
via the pair of switches constituting switch group 9 and 10
to their common output terminal O3. When applied to all of
the switches in switches 1-8 and switch groups 10-11 it may
be seen that each of the voltage levels T0-T7 created by the
voltage divider may be selectively applied to output terminal
V_OUT and, through filter 110 to converter output terminal
GRID_V.

With reference now to FIG. 4, there is illustrated an
exemplary control circuit 200 for use with the bridge circuit
of FIG. 3 employing a “Skip Fire” mode of operation in
accordance with the present subject matter. As illustrated in
FIG. 4, exemplary control 200 includes seven operational
amplifiers (comparators), representative by amplifier 201,
each having a pair of inputs and an output. The inputs to the
seven amplifiers include one input coupled to a triangular
wave generator, representative by triangle wave generator
221, and a second input coupled to a sinusoidal modulation
generator 230 configured to provide a modulation signal
MOD to each of the amplifiers 201. The outputs of ampli-
fiers 201 are each connected directly to a first output
terminal, representatively, output terminal 241 and, by way
of an inverter, representative by inverter 251, to a second
output terminal, representatively, output terminal 242. Those
of ordinary skill in the art will appreciate that the signal
voltage levels on output terminals 241, 242 will always be
at different high or low levels depending on the output level
of amplifier 201.

With continued reference to FIG. 4, there are also illus-
trated equivalent switches representatively illustrated as
switches S1, S2, S9, S10, and S13 representative of corre-
sponding switch 1, 2, 9, 10, and 13 of FIG. 3. For clarity
sake, all of the various switches illustrated in FIG. 3 are not
labeled in FIG. 4 so that the Figure will not become overly
cluttered, but it should be appreciated that each switch 1-14
is intended to be equivalently represented in FIG. 4.

Further with reference to FIG. 4, there is also equivalently
represented seven voltage sources, representatively, voltage
source V1, representing the voltages developed across each
of the capacitors C1-C8 (FIG. 3), representative capacitor
C1 in FIG. 3. Finally, also is represented filter 210 config-
ured to filter voltages generated at terminal V_OUT and
apply such filtered voltages to terminal GRID_V to provide
a smoothed output voltage as described previously with
respect to FIG. 3.

Referring now to FIGS. 5 and 6 there are illustrated,
respectively, a chart illustrating switch positions conducting
current for each of the eight-levels (states) of the fourteen
separate switch groups corresponding to the exemplary
eight-level bridge of FIG. 3 and various waveforms corre-
sponding to voltage levels at selected points of the exem-
plary eight-level bridge of FIG. 3. Initially with reference to
FIG. 5, it will be appreciated that the conducing state of the
various switches in switch positions 1-14 (FIG. 3) has been
illustrated for each of eight different states corresponding to
states 1-8. For example, and with reference briefly back to
FIG. 3, in state 4 the switches in positions 5, 11, and 14 are
conductive while the remaining switches of non-conductive,
i.e., are “off” Such switch configuration results in a conduc-
tive path illustrated in solid line on FIG. 3 as STATE 4
PATH. Similarly, in state 8 as illustrated in FIG. 5, switches
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in positions 1, 9, and 13 are conductive while the remaining
switches are off or non-conducting. This switching arrange-
ment results in the creation of a conductive path illustrated
in FIG. 3 as dashed line STATE 8 PATH. The other states
illustrated in FIG. 5 produce differing conductive paths
based on the illustrated “conducting” or “off” states of the
various positions (switches) as illustrated in FIG. 5.

With reference to FIG. 7, there are illustrated various
waveforms 500, corresponding to voltage levels at selected
points of the exemplary eight-level bridge of FIG. 3 as the
exemplary control circuit of FIG. 4 operates the various
switches exemplarily illustrated as switches S1, S2, S9, S10,
and S13. For example, waveform 510 illustrates an exem-
plary waveform appearing at terminal V_OUT in FIGS. 3
and 4. Similarly, waveform 512 is representative of an
exemplary waveform appearing at terminal GRID_V also
illustrated in FIGS. 3 and 4. Waveforms 521-527 correspond
to the triangular waveforms applied from the seven trian-
gular waveform generator, representatively triangular wave
form generator, 221. Finally waveform 530 representatively
corresponds to the sinusoidal output of modulation generator
230 of FIG. 3.

With reference to FIG. 8, there are illustrated further
exemplary waveforms of the exemplary eight-level bridge of
FIG. 3. For example, waveforms 610 and 612 generally
correspond to similar waveforms 510 and 512 of FIG. 7 and
are reproduced for comparison with the other waveforms of
FIG. 8. Waveform 614 represents the voltage across switch
position 9, waveform 616 represents the voltage across
switch position 1 and waveform 618 represents the voltage
across switch position 13, each position as illustrated in FIG.
3.

With reference to FIG. 6, there is illustrated a chart of
switch positions conducting current for each of the eight-
levels (states) and additional gated “ON” switches of the
fourteen separate switch groups without employing a “Skip
Fire” mode of operation as is illustrated in FIG. 5 but also
in accordance with a further embodiment of the present
subject matter. It will be recalled that in the switching
sequence illustrated in FIG. 5, certain switch positions were
made “conducting” while the remainder of the switch posi-
tions were made “off.” This mode of operation was referred
to as a “Skip Fire” mode in that the commutation paths
allows the development of a mode of operation where IGBTs
not conducting current are allowed to remain turned off.
Such control scheme permits operation of the bridge by
avoiding certain failure modes. On the other hand, operation
without “Skip Fire” is also possible wherein certain of the
IGBTs may be allowed to be turned on when their operation
does not change the current path within the bridge.

With continued reference to the chart illustrated in FIG. 6
and with further reference to FIG. 3, it should be noted that,
for example in State 4 the current path is illustrated through
switches 5, 11, and 14 in FIG. 3. Per reference to the chart
of FIG. 6, it may be observed that during State 4, switches
2, 4,7, and 10 may be allowed to be conductive, that is,
turned on, without adverse effect on the current path through
switch positions 5, 11, and 14. In similar fashion, with
operation in State 8 including a current path through switch
positions 1, 9, and 13, allowing switch positions 3, 5, 7, and
11 to be “on” also does not affect current flow through State
8 Path. As seen from FIG. 6, similar situations appear with
the other States.

In light of the above, it should be apparent to those of
ordinary skill in the art that a digital implementation of the
above described switching arrangement is also possible and
such embodiments are fully contemplated by the present
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disclosure. Such digital embodiments may be implemented
using any number of known techniques including, without
limitation, microprocessor implementations, application-
specific integrated circuit (ASIC) implementations, diode
matrix switch implementations, and non-integrated type
circuit implementations. In accordance with the present
subject matter, any switching circuit that can be configured
to control the various switches 1-14 of FIG. 3 according to
the patterns illustrated in FIGS. 5 and 6 may be employed to
implement the present subject matter.

With reference to FIG. 9, there is illustrated the topology
of'a bridge 700 constructed in accordance with an alternative
embodiment of the present subject matter and employing
higher voltage capable IGBTs (switches). In the previously
described embodiment, each of the IGBTs in each switch
position has the same withstand voltage rating. In accor-
dance with the alternate embodiment illustrated in FIG. 9,
those switch positions that previously employed multiple
IGDTs are now provided with single IGBTs but of different
withstand voltage rating. In the exemplary topology of FIG.
9, switch positions 1-8 that are still occupied by single
IGBTs are provided as before. IGBTs located in switch
positions 9-12, however, are occupied by switches having at
least twice the voltage withstand rating as those in switch
positions 1-8. In similar manner, IGBTs occupying switch
positions 13 and 14 are occupied with IGBTs having at least
four times the rating of the IGBTs occupying switch posi-
tions 1-8. In all other respects, the operation of the alternate
embodiment bridge 700 is the same as that of the embodi-
ment illustrated in FIG. 3.

While the present subject matter has been described in
detail with respect to specific embodiments thereof, it will be
appreciated that those skilled in the art, upon attaining an
understanding of the foregoing may readily produce altera-
tions to, variations of, and equivalents to such embodiments.
Accordingly, the scope of the present disclosure is by way
of example rather than by way of limitation, and the subject
disclosure does not preclude inclusion of such modifica-
tions, variations and/or additions to the present subject
matter as would be readily apparent to one of ordinary skill
in the art.

What is claimed is:

1. A power converter for a wind turbine power generation

system, comprising:

a voltage divider configured to divide a single input
voltage into a plurality of equal voltage level points
from ground to said input voltage; and

a multi-level bridge circuit coupled to said voltage level
points, said multi-level bridge circuit comprising:

a first series of pairs of switches connected in series
between ground and said input voltage, said pairs
selectively coupled individually across different ones
of said voltage level points for selective connection
of'a common output terminal of each said pair to one
or the other of said adjacent voltage level points
coupled to said pair; and

a second series of switches divided into second groups,
each of said second groups having a plurality of
switches, adjacent switches of said second groups
selectively coupled individually across one of said
common output terminals of said pairs of said first
series of switches for selective connection of a
common output terminal of each of said second
groups to one or the other of said common output
terminals of said pairs of said first series of switches
coupled to said second groups,
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wherein each switch of said first series of switches and
each switch of said second series of switches com-
prises the same voltage rating.

2. A power converter as in claim 1, further comprising a
third series of switches designated as a third group having at
least twice as many switches as the second group of
switches, wherein said third group is selectively coupled
individually across one of said common output terminals of
said second groups for selective connection of a common
output terminal of said adjacent third groups to one or the
other of said common output terminals of said second
groups coupled to said third group, wherein each switch of
said third series of switches comprises the same voltage
rating as said switches of said first series of switches said
second series of switches.

3. A power converter as in claim 1, wherein each of said
switches comprises a controllable solid state device.

4. A power converter as in claim 3, wherein said control-
lable solid state device is an insulated gate bipolar transistor
(AGBT).

5. A power converter as in claim 4, further comprising a
reverse direction diode connected in parallel with said IGBT.

6. A power converter as in claim 1, wherein said voltage
divider comprises a plurality of capacitors connected in
series.

7. A power converter as in claim 6, wherein each of the
capacitors in said series of capacitors are of equal capacitive
value.

8. A power converter as in claim 1, wherein each of said
pairs of said first series of switches comprise series coupled
individual IGBTs and each of said second groups comprise
one or a series of coupled IGBTs.

9. A power converter as in claim 1, further comprising a
smoothing filter coupled to a converter output terminal.

10. A power converter for a wind turbine power genera-
tion system, comprising:

a voltage divider that divides a single input voltage into a
plurality of equal voltage level points from ground to
said input voltage;

a first series of switches connected as pairs of switches,
each pair of switches having first and second inputs
connected to adjacent different ones of the equal volt-
age level points and a common output;

a second series of switches connected as second groups,
each said second group having multiple switches, each
second group having first and second inputs coupled to
adjacent common outputs of said first pairs of switches
and a common output; and

a third series of switches connected as third groups, each
said third group having at least twice as many switches
as each said second group, the third group of switches
having first and second inputs coupled to adjacent
common outputs of said second groups of switches and
a common output,

wherein said each switch of the first series of switches,
said second series of switches, and said third series of
switches each comprise the same voltage rating.

11. A power converter as in claim 10, further comprising:

a control circuit configured to selectively render conduc-
tive selected switches in said first series of switches,
said second series of switches, and said third series of
switches,

whereby an output waveform based on said different
voltage levels is generated at said common outputs of
said pairs of switches, said second groups of switches,
and said third group of switches.
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12. A power converter as in claim 11, further comprising:

a filter coupled between said common output of said third
group of switches and a converter output terminal,
wherein said filter is configured to provide a sinusoidal

waveform at said converter output terminal. 5
13. A power converter as in claim 11, wherein said control
circuit is a digital control circuit.
14. A power converter as in claim 10, wherein said voltage

divider comprises a capacitive voltage divider.
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